INTRODUCTION
Multiphysics modeling is one of the most challenging problems in numerical investigations mainly with the technological development and the improvement of numerical codes allows several computations [1] [2] [3] [4] . The goal is to have more realistic theoretical studies and not neglect the effects of some phenomena even if minority.
Thermoelectricity is taking off at the moment by essentially improving energy efficiency. Indeed, thermoelectricity represents a very interesting source of energy as it is known as renewable and green. Not only is it a concept of development, but rather a vector of international development. Although it has been discovered for a century, this new non-polluting energy source is considered an inevitable strategy to increase current energy, sustainable development and environmental challenges.
These devices operate in a reversible manner. Not only do they produce electricity, they also function as a heat pump or cold source. However, unusual failures and decreased efficiency of thermoelectric (TE) systems appear for unprofitable operating times. These malfunctions (total or partial) are typically related to thermomechanical overload or strain.
Currently, many studies have been conducted to improve the efficiency and reliability of TE systems. This research is based on several criteria, such as TE properties of the materials and the flexibility of the design of TE systems. In fact, the optimal conversion of thermal energy into electricity requires materials optimized over a wide temperature range, a safe design and controlled conditions of use. Alibadi and al. (2014) [5] focused their study on using TE devices for cryogenic medical treatment. They analyzed the performance of the single stage and multistage TE devices by means of COMSOL Multiphysics. They have concluded that implementation of multistage Peltier modules can generate very low temperature of -70°C for cancerous tissue ablation. Suzuki et al. (2012) [6] have performed a dimensional analysis of TEM under constant heat flux; and using a combination of the FV and original simultaneous solver. It has been shown that longer and thicker TEMs can generate more electric power. It has been demonstrated also that the electrical contact resistance in the TEM causes an impedance shift such that the optimal external resistance becomes larger than the internal resistance. Kraemer et al. (2012) [7] have introduced simplified model and an optimization methodology for terrestrial solar thermoelectric generators (STEGs). Authors showed that the TE elements in STEGs can be scaled in size without affecting the device performance, even for temperature-dependent properties of the TE material and the solar absorber. The proposed model is economical and offers the advantage to adjust the electric current throughout the day to favor either electricity or hot water production. [8] used an analytical and finite-element-analysis modeling to investigate the problem of reducing the interfacial shearing stress in a TEM structure. High temperature differences between the ceramic parts in thermo-electric modules (TEMs) used under high temperatures makes the TEMs vulnerable to high thermal stress leading to possible mechanical failures. The authors showed that the shearing stress can be strongly reduced by using thinner and longer legs and compliant interfacial materials.
Chen et al. (2014) [9] used a new theoretical method accounting for the temperature-dependent properties of the commercial TE material to investigate the performance of a thermal-concentrated solar TEG. An equivalent model was developed to simulate the real-sized TEG module and the power consumption for cooling the TEG module was evaluated using an analytical method. It has been concluded also that the cooling conditions play no role in the performance of the solar TEG when forced convection is encountered with a heat transfer coefficient h greater than 500 W.m . According to the new method, a larger and positive net output power can be achieved using water cooling for the solar TEG.
The present work present a multiphysics modeling and simulation study of TE systems for electricity generation (Seebeck effect) or cooling production (Peltier effect). As for the generation of electricity, the solar concentrator amplifies heat flux tens of times and TEM (conversion element) is faced to thermomechanical stresses due to thermal expansion which can exceed permissible load, which causes cracks that increase the thermal resistance (affecting performance) or splits (breaks) inducing system malfunction (affecting reliability).
On cold days, the TE element or module is subjected to compression stresses due to thermal contraction. The daily and seasonal repetition of this behavior is a source of cyclic fatigue of the module. In addition, the system works at hundreds of degrees Celsius so that its thermophysical properties become strongly dependent on temperature. The study is therefore of high order complexity due to the coupling of several principles of physics. More details on the TEM (Seebeck and Peltier effects) uses and how does it work may be found in Wikipedia encyclopedia [10] . In this work, a FE modelling and simulation has been conducted. The deformation rate was explored for two Bi2Te3 two-legs of size 1×1×5.8 mm3 with a space of 2mm in order to confirm the existence of polycyclic fatigue problem under the solar radiation effect. A parametric study has been carried out on a commercialized industrial model to quantify its performances to generate electricity and cooling under real solar radiation. For the electric generation, the tested factors are the current intensity, the heat transfer coefficient h (W/m2/K), the length of TE elements under constant heat flux and the temperature difference between the bottom and the ceiling of the TEM. For cooling production, multistages TEM are tested and the thermal management will be presented.
MODELING BASIS
The properties of the TE material, namely the Bismuth Telluride III, depend on the temperature meaning means that the physical phenomena involved are fully coupled. The three physical phenomena are: conduction of electric current, heat transfer with production of heat or cooling, and structural constraints (mechanical stresses and strain) which are due to repetitive thermal expansioncontraction cycles.
Governing Equations

Thermoelectric Equations
The behavior of a TE material is described by the following governing equations which couple the thermal and electrical fields. For accurate modeling of the TE systems, the Joule effect must be taken into account [11] . The governing equations are written as follows [11] :
The constitutive equations are given by [10] : (2.6) is the Therefore, the equations of the electric field and thermal couples in local form are given in the following form: (2.8)
Implementation in COMSOL
In such complex multi-physic problem, numerical simulation becomes of practical use. COMSOL Multiphysics is one of the most popular and powerful tool among a large variety available for engineering and industrial applications. This tool is employed to tackle multi-physic problems based on finite element approach using set elementary solvers that can be coupled in various ways. In the
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present study, the governing equations as well as initial and boundary conditions are numerically implemented by means the COMSOL Multiphysics finite-elements software.
COMSOL Multiphysics allows integrating arbitrary equations to the partial derivatives (PDE) of the variable of a certain field of interest for one to three dimensional regions [11] . Increasing the temperature, results in local expansion of the material. This expansion can play an important role in mechanical and residual stresses and one can notice this variation over time also. For such a reason, thermo-mechanical coupling should be taken into account in our study.
This notation follows the documentation of the COMSOL Multiphysics and with parameters α, σ and λ appearing in equations (4-8) but with other physical meanings.
(2.9) (2.10) (2.11) In static mode, we will simplify terms in (9) and (10), and then one obtains: (2.12) (2.13)
With the variable of the vector field values: and the coefficients in (9) are:
(2.14)
The other coefficients in equation (13) are zero for static calculations.
Thermo Mechanical Coupling
Increasing the temperature, results in local expansion of the material. This expansion can play an important role in mechanical and residual stresses and one can notice this variation over time also. For such a reason, thermo mechanical coupling should be taken into account in our study.
The constitutive equations may be written in the following form: 
Models Description
We have adopted two models. The first one is a simple PN thermocouple junction made of in contact with copper electrodes and Alumina substrates. The leg size of is 1×1×5.8 with a space of 2mm between the two legs. The electrodes are of copper material with thickness 0.1mm and the substrate with a thickness of 0.3mm. The second is the commercialized industrial model GM 200-71-41-16 (European thermodynamics [12] , see Fig. (1) ).
Assumptions and Boundary Conditions
The same conditions apply for the two models:
 The semiconductors are homogenous and isotropic.
 A current density J 0 =0.7A was applied to one of the electrodes while the other is maintained at 0V.
 The lower substrate was maintained at 30°C.
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 The lower side of the substrate was fixed.
 Adiabatic conditions on all other sides.
 Concerning the second model, the TE elements P and N are electrically connected in series and thermally in parallel.
The properties of the materials are taken from tables 1 and 2 mentioned above.
Figure2. Deformation due to thermal expansion for PN thermocouple
Figure3. Temperature distribution of a single stage Peltier GM-200-71-41-16
RESULTS AND DISCUSSIONS
Thermoelectric Generation
As it shown in Figure 2 , the maximum temperature for the thermocouple is of the order of 219°C. and the maximum deformation is close to 11.7 microm, this deformation is due to the thermal expansion. While for the solar TEG, the maximum T is close to 76°C (Fig. 3) .In order to evaluate the performance of these devices, we need to analyze the influence of many parameters:
Influence of the Intensity
For the solar TEG, the temperatures at the terminals of the upper and lower substrates were marked, for different current intensities. It is noted that the temperatures of the lower alumina plate remain constant while the temperatures of the upper alumina plate decrease by increasing the current (Fig. 4) .
This can be explained as follows: The voltage generated by the Seebeck effect due to the imposed temperature difference generates the current in the circuit. The latter is itself reflected by the Peltier effects which cool the hot terminal and warm the cold terminal.
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Figure4. Temperature variation vs electric current. Ths, Th,Tc and Tcs are defined in
Distribution of Von Mises Stresses
What we are most interested in, is the distribution of Von Mises stresses, from which we will decide how to control thermo mechanical stresses. The results show that for the solar TEG the maximum stress is in the order of 179 MPa, which does not exceed the allowable stress of the alumina 275MPa, whereas for the thermocouple, it is of the order of 628 MPa which exceeds the permissible stress of the alumina. The Figures (5 and 6) show the Von Mises stresses.
The simulation also reveals the limits of the design, as the module will not function properly if the stresses exceed the elastic limits. It is therefore preferable to cool to alleviate the stresses, however this also costs energy. For this purpose an attempt was made to reduce the temperature difference ΔT and it was found that for a hot temperature of 150 °C., the maximum stress of Von Mises is equal to 253 MPa which is less than the permissible stress of the alumina.
Risk of the Presence of Defects
Another problem that may be encountered is the risk of the presence of defects. Indeed, the probability of finding a defect of given size increases with the size of the piece. There are strong fragile size effects.
On the other hand, the constituent materials and the interfaces are exposed to a high temperature gradient, which leads to the degradation of the performance of the modules after consecutive thermal cycles under rupture constraint defined as:
Where a max is the largest split in the volume considered [13] and for the alumina .
So, we find a split in the order of 89.41 for a rupture constraint of 179 MPa.
Figure5. Distribution of Von Mises stresses for a single stage model
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Figure6. Deformation (exaggerated) and Stress displacement field of Von Mises
Variable Heat Transfer Coefficient
The optimal h value under maximum power was investigated ( Figure 7 ). The same conditions were applied to the model, but instead of constant cold temperature a cooling system was simulated under convective heat flux.
The optimum h value for these conditions is close to 1500 W.m-².K-1 which is higher than the maximum h value of air cooling < 300W.m-².K-1. However, this value is in the water cooling range (0.3-6 kW.m-².K-1) for forced convection. For efficient radiative heating, cooling by water becomes necessary to produce electricity more efficiently. For efficient heat transfer, a high cooling of the cold surface is important to generate more efficient TE power even when the heating is of a constant heat flux. Convective h coefficients for some fluids presented in table 3 may be found in Rowe and Bhandari (1983) [14] .
However, water cooling is not desirable because it consumes a lot of energy. Therefore, simple ventilation by air seems to be a good solution for our problem of overheating.
Table3. Convective heat transfer coefficients for a few fluids [12]
Medium Air ( natural convection) 5-25 Air / overheated vapor (forced convection) 20-300 Oil ( forced convection) 60-1800 Water (forced convection) 300-6000 Water (boiling) 3000-60000 Vapor (in condensation) 6000-120000
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Influence of the Length of TE Elements under Constant Heat Flux
The dimensions of the TEM, more precisely the length of the TE leg, have been modified. Three different lengths were taken: a = 1.6mm, b = 3.2mm and c = 4.8mm (Fig.8) . Where ΔT is proportional to the TE leg length. It was found that, in open circuit, the tension increases as the length of the leg increases.
Figure8. Influence of the TE modules length on the temperature distribution
Influence of Temperature Difference
The top surface of the TEM module is exposed to solar radiation. This will induce heating of the bottom surface. We want to know the effect of this temperature difference ΔT on the energy released. At this stage, 44 tests were performed for 4 different current intensities. The voltage (thus the power) was found to increase when ΔT increases. The higher value was obtained for a lower cold temperature, thus at a high ΔT. Thus, an increase of the temperature difference ΔT will always lead to an increase of the performances of the module ( Figure 9 ). However, there is a limit to this elevation because at some levels there is a risk of losing energy.
Figure9. Plots of power variation vs the temperature difference
Peltier Cooling
Cooling Capacity and COP
The cooling capacity and the coefficient of performance present two important criteria for determining the performance of TEM. In this part, the geometry is parameterized to analyze the effect of its variation. Thus, the influence of the increase in the number of Peltier stages for the cooling of the system is studied (Figure 10 ).
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The following equations are the equations used in calculation of the COP coefficient [9, 11] .
After the calculation for a single-stage TEM, the coefficient of performance was maximum for a current intensity equal to 0.4 A, and that COP> 0.8 for a current intensity interval [0.35A, 0.45A] (Figure 11 ). The increase in the number of stages resulted in a decrease in the coefficient of performance ( Figure 12 ). The COP is less than 1 and it decreases progressively when increasing the current intensity. Means that the TEM consumes more electrical energy than it produces; especially at 2.5A there is a risk of losing more energy. It is also noted that increasing the number of stages increases the cooling capacity.
The cooling capacity for the three Peltier modules takes an almost constant value up to a current value of 2.5A. Beyond this value, the cooling capacity decreases progressively by increasing the current intensity ( Figure 13 ). The thermal management includes a wide range of heating and cooling solutions, as well as components for temperature control. It is proposed here some control techniques to manage the Peltier elements such as heat sinks as well as special combinations between radiator and fan. It is possible to gain energy by taking advantage of the voltage generated by the TEM to supply the fan. For accurate control required during heating or cooling, there is a selection of choices of regulators equipped with different and various features.
Figure10. Temperature distribution for TEMs in cascade
Figure11 
CONCLUSION
This work was devoted to a Multiphysics study of modeling and simulation of Peltier cooling and the generation of electricity by TE systems. The model of a solar TEG has been studied using the finite element method under the COMSOL-Multiphysics software and taking into account dependence of the thermo-physical properties of materials as a function of temperature and the influence of several factors Such as the geometry of these modules and thermomechanical constraints. We developed a model to simulate the behavior as a TEG and an analytical method was used to evaluate the energy consumption by cooling the TEG module. It can be concluded that the design of the TEGs is flexible depending on environmental conditions as reported in several studies and is affected by several parameters, namely the temperature difference and current intensity. Indeed, a TEM thicker can give a higher output power, although the cooling Peltier works to decrease the temperature of the hot junction. When the length of the junction is fixed, it has been found that there is a suitable heat transfer coefficient for obtaining a greater ΔT which makes it possible to obtain optimum heat equilibrium between the cooling effect of the hot junctions and the heating effect of the cold junctions and consequently a generation of a higher electrical energy. A large heat transfer coefficient h can give a higher power, but we risk losing more energy to such a high h in the cooling fluids. Besides, when three different geometries of the TEG module were tested and compared to each other, we have noticed that the power output increases with the increase of the length of the TE leg and consequently the temperature difference between the hot and cold surfaces increases. Moreover, the coefficient of performance and cooling capacity are important to determine the Peltier cooling behavior. Indeed, the increase in the number of stages generates the reduction of the coefficient of performance and increased cooling capacity. This cooling is also appreciated by the fact that it alleviates the TE stresses induced by thermal expansion of materials, one of the objectives of this study.
